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Abstract 
China’s CO2 emission increase has attracted world’s attention. This paper analyzed dominant factors that affect 
changes in China’s CO2 emission from 1980 to 2007, which indicates that economic scale and energy saving are two 
major factors attributable to increase and decrease of CO2 emission, while energy conversion and population scale are 
less dominant factors. In the future, energy efficiency factor will still take the dominant position while energy 
conversion will play an increasingly important role, and economic growth rate and industrial structure transformation 
will become important restrictive factors while population reduction effect size will remain the least changeable 
factor. 
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1. Introduction 
At Copenhagen Conference in December 2009, China’s CO2 emission attracted world's attention, not 
merely because of the rapid increase of CO2 emission, but also the leading position of China’s CO2 
emission in the world. This has exerted considerable pressure upon China in CO2 emission reduction. 
To achieve CO2 emission reduction, the first thing to do is to acquire quantity and feature of CO2 
emission by all sectors and regions in China. Then, analysis should be conducted on causes for CO2 
emission, on which basis can countermeasures be developed that suit the situation in China . 
However, the situation in  China is far from satisfactory. There is too limited data on CO2 emission, 
much less on sector-based and region-based data released by government authorities. So far as we know, 
only the People’s Republic of China Init ial National Communication on Climate Change[1] published by 
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China Nat ional Development and Reform Commission in October 2004 carries the list of greenhouse gas 
emission in China in 1994, the only data on the single year of 2004, which, as data of about ten years ago, 
is too outdated to satisfy study requirement and to much extent constitutes restriction on further study.  
On this basis, we calcu lated CO2 emission volume discharged by every Chinese sector from 1980 to 
2007 and conducted analysis on feature of such emission based upon Chinese energy statistics and CO2 
emission coefficient RI all types of energy.[2] Calculation indicates that the volume of Chinese CO2 
emission totals up to 5,937,300,000 tons in 2007, while the volume thereof by International Energy 
Agency (IEA) totals 6,027,850,000 tons [3], 90,550,000 tons in difference, rate differential being 1.5%. 
It is proposed herein to conduct analysis on dominant effect  on CO2 emission in China on the basis of 
the foregoing calculation to attempt to source major factors that affect CO2 emission in China and their 
extent of effect to lay a reliable foundation for development of pertinent policies on reduction of CO2 
emission in China.  
 
2.  Analysis Method 
 
Kaya equation developed by Kaya, a notable Japanese scholar, is one of the famous methods applied 
to analyze dominant effects of CO2 emission, meaning that: 
CO2 emission volume = (CO2 emission / energy consumption) ܉ (energy consumption / GDP) ܉ (GDP / 
Population) ܉ Population  
If C stands for CO2 emission volume, E for energy consumption, G for GDP, P for population, the 
following equation will result: 
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The first item (C / E) on the right of the equation can be termed  as carbon density, which indicates 
CO2 emission volume generated by per unit energy consumption, related to structure of energy utilizat ion. 
The smaller the numerical value is, the smaller will be CO2 emission volume, o r more efficient is zero-
emission energy utilization. One of the measures to reduce CO2 emission is to convert the mode of energy 
utilization from fossil energy resources to renewable energy resources (wind, solar energy, etc.). 
The second item (E/G) on the right of the equation can be termed as energy density, which indicates 
energy consumption of per unit GDP, related to energy utilization rate. The smaller the numerical value is, 
the more efficient will be energy utilization. From the perspective of CO2 emission reduction, it is 
necessary to take energy saving measures  to maximize efficiency of energy utilization.  
The third item (G/P) refers to  per cap ita GDP, meaning added value  of per cap ita product. The h igher 
the numerical value is, the larger the scale of economic act ivity will be, and the richer the livelihood will 
be. From the view of CO2 emission reduction, economic growth and CO2  emission volume are positively 
correlated, to wit, economic growth will be accompanied by growing CO2 emission. It should be clarified 
that the above-mentioned conclusion is made under the assumption that industrial structure and 
technological level are fixed. In case of any change to industrial structure or technological level, there 
might be a phenomenon that CO2 emission will not increase in pace with expansion of economic scale. 
The fourth refers to population. On the condition that other factors remain unchanged, the higher the 
numerical value is, the greater impact on CO2 emission will be. 
It can be concluded from the above that energy resources, energy efficiency, standard of living and 
population are factors that affect CO2 emission. 
By using the change rate of above mentioned (increment), we can obtain the following formula:       PPGGEECC 'u'u'u' '
                                                                                 (2) 
As indicated by the above equation, change of CO2 emission in a country or region may be 
categorized into factors of energy conversion, energy saving, economic scale, and population size. 
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Kaya equation provides four policy instruments for CO2 emission reduction, to wit, carbon density, 
energy density, economic level and population. The policy instrument with regard to carbon density is 
conversion of energy utilizat ion structure, policy instrument with regard to energy density is improvement 
of energy use efficiency, policy instrument with regard to economic level is reduction of economic scale 
or upgrading of industrial structure, and policy  instrument with regard  to population size is exercise of 
population management. In  other words, to realize reduction of CO2 emission, one should take one of the 
above policy instruments or combined policy instruments. 
 
3. Analysis Results 
 
Based on Kaya equation, we analyzed dominant effect on increase and decrease of CO2 emission in 
China. A mongst reference cited herein, CO2 emission data is derived from our own calculat ion, energy 
consumption data from the Chinese Energy Statistics Yearbook[3], and GDP and demographic data from 
China Statistics Yearbook (GDP data was converted at a comparable price) [4] 
Figure 1 shows the analysis results on yearly change of the above dominant factors. It  can be 
concluded from the Figure that economic scale and energy use efficiency, reverse in role-playing, are two 
major factors. Wholly speaking, the factor of economic scale on CO2 emission increase tends to be 
strongest, though stronger at some t imes and weaker at  other times, implying that China is great ly driven 
by economic growth in CO2 emission increase. The factor of energy saving, despite its most important 
factor in reduction of CO2 emission in general sense, tends to be weak in its role playing and unstable in 
trend in recent years, which even results in CO2 emission increase, in particular from 2002 to 2004.  
In addition, population size has long been a factor that contributes to CO2 emission increase, despite 
its limited impact. Th is is because birth control policy exercised in China has, to some extent, curbed 
large-scale increase of CO2 emission. In contrast, the role of energy conversion factor is s mallest in  its 
role p laying, with least impact actually, which indicates that the structure of energy consumption in China 
almost remains unchanged. In consideration of the big role energy conversion factor played on CO2 
emission increase in the first four years at  the turn of th is century, one will agree that urgent measures 
should be adopted to enhance conversion of energy use structure, or unfavorable situation may reoccur.  
 
 
Fig. 1: Analysis on dominant effects on yearly change of China’s CO2 emission  
Source of information: prepared by authors 
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Fig.2: Analysis on dominant effects on accumulated changes in China’s CO2 emission 
Source of information: prepared by authors 
Figure 2 results from accumulative dominant effects in yearly increase and/or decrease on CO2 
emission on the basis of that in 1980. It  can be expressly concluded that factors of economic  scale and 
energy saving are major contributors to increase and/or decrease of CO2 emission, while factors of energy 
conversion and population size are less important. Furthermore, economy scale factor has long been 
deemed the dominant factor of CO2 emission increase, while energy saving factor p layed the ro le o f CO2 
emission reduction prior to 2002, which turned out to be a factor that contributed to increase of CO2 
emission from 2003 to 2005. Additionally, the factor of population size factor, though deemed a factor for 
increase of CO2 emission, remains slack in  trend of development, while energy conversion factor plays 
litt le ro le in this respect, except 1999-2001 in which energy conversion factor played a slightly bigger role.  
 
4. Inspirations on policies 
 
As indicated by the above analysis, at least the following instruments may be applied to realize 
reduction of CO2 emission, to wit , conversion of energy use structure, improvement of energy use 
efficiency, and relaxation o f growth of economic and population growth in  an appropriate manner, which 
can be termed as CO2 emission reduction by change of energy use structure, by increase of energy use 
efficiency or technology, by transformation of mode of economic growth and by implementation of birth 
control.  
4.1 CO2 emission reduction by change of energy use structure 
CO2 emission reduction by change of energy use structure refers to a means by which  to reduce 
considerably specific gravity of use of fossil energy resources that contribute to more CO2 emission, 
improve specific grav ity of use of such renewable energy resources as water, wind, and solar energ ies, 
inclusive of nuclear power to be enhanced in China to realize the goal of CO2 emission reduction. The 
foregoing analysis reveals that in the past 3 decades or so, little progress has been made in China in 
reduction of energy use structure, which is in no sense irrelevant to resource reserve and the stage of 
China’s economic growth. Since long time ago, China has found it difficult to change the mode of coal-
based energy use structure, mainly for the reason that  Chinese is abundant in coal reserve and 
advantageous mining conditions; besides, China, faced with economic and technological bottlenecks, has 
failed to focus on import of considerable amount of oil and gas which emit less  CO2. and has also failed 
to invest in new energy development financially and technologically. In recent years, however, 
considerable change has taken place in China that restrictive factors in the past have been relaxed or 
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changed fundamentally, which may enable China to take a bold d step in reduction of energy use structure 
so that reduction of energy use structure can be taken as a major means to reduce CO2 emission for the 
years to come. In fact, China has promulgated Renewable  Energy Law, has developed a plan for mid-term 
and long-term development of renewable energy resources, and has put forward a target that by 2020, 
specific gravity of non-fossil energy resources will have been improved by 15%. For the t ime being, 
China is in a transitional period to convert to the use of renewable energy resources. Many problems 
remain  pending for solution by deliberation and study, such as connection of wind-generated electricity 
and the compatibility of wind-driven generators with local power generators. 
4.2 CO2 emission reduction by increase of energy use efficiency (technology)  
CO2 emission Reduction by increase of energy use efficiency (technology) refers to realization of 
relative reduction of CO2 emission under the circumstance of same output by improvement of energy use 
efficiency and reduction of per-unit energy consumption for output. Judging from the above analysis, 
reduction in energy use efficiency has become the leading means of CO2 emission reduction since 1980. 
That is to say, in the absence of reduction effect in energy use efficient, more CO2 emission would have 
resulted under the same economic scale. Since the eleventh five-year plan, China has included energy 
saving and CO2 emission reduction as restrictive ind icators by providing that by 2010, energy 
consumption of annual per-unit GDP shall have decreased by 20%. In  the past several years, the Chinese 
government had enhanced its efforts to save energy and reduce CO2 emission and have made much 
achievement. From 2006 to 2009, the Chinese per-unit GDP energy consumption has dropped by 15.60%. 
However, it remains a big  pressure to meet  the target of energy saving and CO2 emission reduction set in 
the eleventh five-year plan. In v iew of the big gap between China’s energy consumption level by per unit 
GDP output and developed countries , there is much room and potential in the aspect of energy saving and 
emission reduction, which requires our ceaseless efforts in ongoing improvement of energy use efficiency. 
4.3 CO2 emission reduction by transformation of mode of economic growth 
In general, economic growth is accompanied by increase in energy consumption and pollution 
discharge, which is difficu lt for us to choose from: CO2 emission reduction at the expense of economic 
growth, or CO2 emission increase for the purpose of economic growth. We are reluctant to realize the 
goal at the expense of economic growth. In particularly in a country or region where it is comparatively 
low in economic development or poor in wealth, priority is given to economic growth. CO2 emission 
reduction by transformation of the mode of China’s economic growth refers to achievement at equal 
economic growth rate of CO2 emission reduction or increase of economic scale by at equivalent CO2 
emission by means of reducing the proportion of industries with more CO2 emission by per unit output 
value and increase of the proportion of industries with less CO2 emission by per unit output value. It is all 
known that industries with high energy consumption by per unit output value, also known as h ighly 
consumable industries, are manifested by iron and steel, non-ferrous metals, cement, and heavy chemical 
industry. Therefore, we can achieve reduction of energy consumption and eventually CO2 emission 
reduction by developing third industry. However, it is something not easy to do for the reason that 
transformation of industrial structure has its own objective law. In init ial phase of economic development 
also known as industrializat ion stage, large-scale infrastructure construction largely depends on the 
above-mentioned products with higher energy consumption and the requirements for energy will not be 
on a decline. But this does not mean we can do nothing but develop the economy without control, and 
people’s initiative p lays a big role  anyway. In part icular when China is in the latter stage of 
industrialization now (in particular in coastal developed areas), there is a great need for develop ment of 
service industries, particularly  modern service industries . It  should be our goal to seize the opportunity to 
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speed up our economic t ransformat ion to reduce CO2 emission, which  is not only  significant to reduction 
of CO2 emission, but also for China to improve it’s economic competitiveness in the world. 
4.4 CO2 emission reduction by birth control  
If other factors are all under the same preconditions, the larger population size is, the more CO2 
emission will result. As a member of nature, human beings will have to consume material products  and 
energy, which  will naturally link to discharge of pollutants. China’s relatively  rap id increase of CO2 
emission and the absolute number one position in CO2 emission are closely related to China's huge 
population size. The foregoing effect analysis indicates that the factor of China's population scale 
contributes to effect of CO2 emission increase, but its impact is much weaker than the factor of economic 
scale, which reflects that it is birth control policy adopted in China in such phase that has slowed down 
population growth considerably and has to some extent  curbed increase of CO2 emission. In other words, 
there would be further increase of CO2 emission without implementation of China's birth control policy. 
China's birth control policy has been introduced since more than 30 years ago, which has exerted such 
far-reaching impacts on the society as rapid population aging problem and support of the elderly p roblem, 
even ethical problem. Such problems have to be envisaged from a b roader vision. It  is predicted that there 
will be a trend of gradual population growth in China without drastic change, which can be interpreted 
that there will be little change in CO2 emission by birth control.  
 
5. Conclusion 
 
To sum up, in the respect of CO2 emission reduction, energy use efficiency will play a leading role, 
energy conversion factor will gradually play an enhanced role, economic growth and transformation of 
industrial structure will become important restrictive factors, and there will be little change in CO2 
emission reduction by birth control for a certain period of time in the future. 
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